Chlorpromazine (Thorazine) is an extensively used tranquilizer often administered to humans therapeutically as an antipsychotic agent in oral doses of 10 to 2,000 mg/day (8, 19) . It has long been known as a photoallergen (9) , and patients receiving daily doses in excess of 800 mg have experienced purple pigmentation of the skin upon exposure to sunlight (19) . Chlorpromazine has also recently been discovered to be an effective radiosensitizer of animal cells and bacteria exposed to gamma irradiation (20) .
Chlorpromazine photosensitizes the inactivation of adenovirus type 5 to long-wave ultraviolet (UV) light, and the lethal viral damage can be correlated with deoxyribonucleic acid (DNA) strand breaks (3) . Many of the photosensitizing properties of chlorpromazine may in fact be explained by the finding that under long-wave UV irradiation it binds to ribonucleic acid, DNA, and purine and pyrimidine nucleic acid bases (2, 10, 11) . Early work suggested the possibility that chlorpromazine intercalates into the DNA double helix (16) , and more recently the interaction of the drug with nucleic acids was confirmed by studying the fluorescent spectral shifts resulting from long-wave UV irradiation of nucleic acids in its presence (10) . Such biochemical reactions of chlorpromazine may involve the free radical which is produced by long-wave UV irradiation of the drug and which may remain stable for many months (4) . In one study, the phototoxicity of chlorpromazine in guinea pigs exposed to long-wave UV light could be equalled by administering pre-irradiated drug without further irradiation of the animals (13).
As discussed below, viral photoinactivation by chlorpromazine is very similar to that resulting from treatment with another class of linear tricyclic drugs, the psoralens (6, 7, 15) . One difference is that psoralens (17) lack the photoreactions with proteins (and possibly other membrane components) which have been shown to occur in the case of chlorpromazine (1; W. Snipes, T. Vickroy, J. Woog, R. A. Deering, Radiat. Res. 70: 667, 1977). The formation of antigen by covalent photoreaction between chlorpromazine and protein, for example, has been proposed as a mechanism for chlorpromazine photoallergy (5 Long-wave UV light sources. Two sources of long-wave (320 to 380 nm) UV light used in this study are described in detail elsewhere (6) . In the highintensity device, a stirred, refrigerated sample is irradiated from opposite sides by two 400-W General Electric mercury reflector spot lamps which deliver a total of 180 to 205-mW of long-wave UV light per cm2 to the sample [after passage of the light through a liquid Co(NO3)2 filter]. Low-intensity irradiations were performed in plastic petri dishes irradiated from below by a bank of eight 200-W fluorescent BLB-type "black lights" which deliver 1.9 mW of long-wave UV per cm2 through a 0.25-inch (ca. 0.62-cm) Plexiglass shelf. Light intensity was monitored by an International Light model 500 radiometer with a SEE-115W-UVA detector.
Photochemical inactivation treatment. Chlorpromazine stock solution was added to the virus suspensions (usually to 1%, vol/vol) and mixed in a Vortex mixer just before transfer to the irradiation vessel. Short exposures were accomplished with the aid of manually operated shutters.
Determination of virus inactivation. Chlorpromazine-reacted WEE and HSV-1 and untreated control viruses were serially diluted in 10-fold steps in Earle balanced salt solution-5% fetal bovine serum (FBS) shortly after treatment. A 0.025-ml amount of each dilution was added to each of four wells of a Falcon brand 96-well microtiter plate, with wells containing confluent 0-853 cells under Eagle minimum essential medium with 2% FBS. The plates were incubated at 37°C in a CO2 atmosphere and scored daily for cytopathic effects. The end-point dilution for cytopathic effects was calculated after 5 days of observation by the Reed-Muench formula (18) and expressed as the fraction surviving relative to untreated controls.
Pichinde virus was similarly assayed by serial dilution in cold Eagle minimum essential medium-5% FBS, followed by inoculation of 0.10 ml of each dilution into each of four 16 -mm wells of a Costar brand 24-well culture plate containing near-confluent Vero cells previously grown out for 24 h under Eagle minimum essential medium-10% FBS. After the inocula were adsorbed for 1 h at 37°C to the aspirated cell layers, 0.5 ml of liquified 0.6% Seaplaque agarose in Eagle minimum essential medium (without phenol red)-5% FBS per well was added to each well (without removal of the inoculum) and allowed to solidify at room temperature before incubation at 37°C. After 4 days of incubation, 0.5 ml of 1:7,500 neutral red in Eagle minimum essential medium (without agarose)-5% FBS was added to each well and incubated overnight before enumeration of plaques.
RESULTS
WEE, HSV-1, and Pichinde viruses are inactivated totally (to levels undetectable by the assays described above) by exposure to the highintensity UV light for less than 1 to 2 min in the presence of 10 ,ug of chlorpromazine per ml, as shown in Fig. la . This result is obtained even when chlorpromazine is added to the virus suspensions immediately before irradiation, i.e., ir- Figure lb shows the dependence on chlorpromazine concentration of WEE photoinactivation with 10-s high-intensity irradiation (1.8 J/cm2, total). As a result of these data, 10 t&g/ml was chosen as a highly effective dose for use in most of the other experiments.
Chlorpromazine at 1 to 30 ug/ml in the absence of long-wave UV light, or the UV light by itself in the absence of drug, produced no appreciable inactivation of any of the three viruses. This was true even at the maximum exposure times shown in any of the figures.
Photochemical inactivation of WEE and HSV-1 may also be accomplished within several minutes by the low-intensity irradiation as shown in Fig. 2 . Low-intensity irradiation, while requiring longer exposures, is more efficient than high-intensity irradiation in terms of total incident light energy. This is evident from comparison of the top scales of Fig. la and 2 .
The non-linearity of the inactivation curves may result either from subpopulations of virus with varying susceptibilities or from photochemical decomposition of free chlorpromazine. In the latter regard, chlorpromazine by itself was pre-irradiated at an intermediate intensity virus with this pre-irradiated chlorpromazine gave inactivation kinetics identical to that obtained with an equal amount of fresh chlorpromazine (data not shown). Chlorpromazine preirradiated in this fashion as well as by exposure to a variety of higher and lower intensities of light was also applied within seconds after irradiation to Pichinde virus, which was then assayed without further irradiation. No virus inactivation resulted from this treatment.
Finally, for comparison with the above virus inactivation data, uninfected eucaryotic cells were photoreacted with chlorpromazine in vitro. In this case, monolayers of Vero cells were killed by as little as 0.025 J (1 s of exposure to 25 mW/ cm2) of long-wave UV light in the presence of 10 ,tg of chlorpromazine per ml; with this dose of UV light in the absence of the drug, no effect was detected. DISCUSSION WEE, HSV-1, and Pichinde viruses are photoinactivated with similar kinetics by extremely low, nontoxic levels of chlorpromazine in the presence of long-wave UV light. The dramatically short periods of a few seconds to a few minutes required for total inactivation are comparable to those observed in the photochemical inactivation of viruses by psoralen derivatives (6, 7, 15) . Although DNA viruses are much more photosensitized by psoralen treatment than are ribonucleic acid viruses, this difference is not seen with chlorpromazine treatment. Other similarities between chlorpromazine and psoralen treatments include the immediate penetration of these reagents to their sites of photoreaction and their lack of effect in the absence of longwave UV irradiation.
The involvement of a photoreaction between chlorpromazine and nucleic acid in the above inactivations is supported by the known photoreactions between chlorpromazine and purified nucleic acids (2, 10, 11, 16) , by the properties of chlorpromazine as a photoactivated mutagen (12, 14) , by similarities with the psoralen system, and by the study of adenovirus inactivation by Day and Dimattina (3) . In the latter work, chlorpromazine photoinactivation was both correlated with the production of DNA strand breaks and found susceptible to DNA repair (as inferred from a threefold more rapid inactivation when measured in repair-deficient host cells).
Although chlorpromazine was found in an earlier study to photoreact preferentially with single-stranded nucleic acids (10), the singlestranded ribonucleic acid viruses were not inac- The very high inactivation factors accomplished with the light sources described above suggest that the chlorpromazine photoreaction might be useful in the preparation of inactivated viral or other microbial vaccines or for the photochemotherapy of accessible viral dermatoses.
